Biochemical studies have shown that the nuclear envelope membrane is similar in a number of properties to the endoplasmic reticulum (ER) membranes (5, 6, 7, 9, 11, 22) . It also has been claimed that these two membrane structures are so similar as to be practically identical (5, 6) . But, some proteins have been reported to be specific for the nuclear envelope (13) and the induction of cytochrome P-450s by phenobarbital (PB) and 3-methylcholanthrene (MC) differs in the two membranes (3, 11) . In addition, the specific enzymatic activities of the nuclear envelope are usually lower than those of the ER (9, 10, 18, 22) .
Recently we studied the distribution of cytochrome P-450 in the nuclear envelope of rat liver by ferritin immunoelectron microscopy. We showed that cytochrome P-450 is located only on the outer nuclear membrane (16) . This is strong evidence that the outer membrane is much more similar to the ER membrane than its inner counterpart. Electron microscopy has shown that the outer nuclear membrane sometimes is continuous with the rough ER membrane (1, 4, 6, 7, 20, 21) . This continuity is assumed to be strong evidence of the biochemical similarity of the outer * To whom all correspondence should be addressed . nuclear and ER membrane. The nuclear envelope, however, also can exist independent of the ER system. Indeed, some cells have been reported not to show nuclear envelope-ER continuity (7, 19) . Most ultrastructural investigations of the ER-nuclear envelope relationships reported so far have been empirical. Continuity has been found only by chance; neither systematic nor quantitative assay has been reported.
Recently we have succeeded in isolating prefixed nuclei from rat livers that had been perfused with dilute glutaraldehyde. These prefixed nuclei frequently were associated with the rough ER. Observation of a number of isolated nuclei showed a direct connection between the two membranes. These specimens also were analysed by ferritin immunoelectron microscopy which showed cytochrome P-450 distributed on the cytoplasmic surface of both the ER and outer nuclear membranes. In the nuclear pore region, ferritin particles were present on the outer membrane up to the outer annuli of the pore complexes. The phenomena of detachment and blister formation on the outer nuclear membrane were also discussed as well as the results of our analyses. 
RESULTS
Nuclear envelope-ER relationships in prefixed hepatocyte nuclei. As described in MATERIALS AND METHODS, we have isolated prefixed nuclei after perfusing rat liver with dilute glutaraldehyde (0.7 %) in 0.25 M sucrose. Some of these isolated nuclei were associated with cytoplasmic components such as the ER. Because it is possible to preserve the in situ relationship of the nucleus to the nucleus-associated ER and also to observe a number of nuclei, this procedure is suitable for a systematic survey of nuclear envelope-ER relationships.
We found (Figs. 1 and 2 ) that the outer nuclear membranes sometimes was directly connected to the rough ER and that the perinuclear cisterna was in luminal continuity with the ER cisterna. No ultrastructural difference was found between the rough ERs attached to and those not attached to the outer nuclear membrane. The point of confluence of the ER and outer nuclear membrane was usually away from the nuclear pore complex.
Immunoelectron microscopy of the nucleus-associated rough ER. Preparation of hepatocyte nuclei associated with the rough ER made it possible to make an immunoelectron microscopic comparison of the outer nuclear membrane and its associated rough ER. For this purpose prefixed nuclei were isolated from rat livers that had been treated with PB or MC, then incubated with ferritin antibody conjugates against cytochrome P-450 as described in MATERIALS AND METHODS. Fig. 2 shows a nucleus which had been incubated with ferritin-antibody conjugates and is in continuity with rough ER. Both the outer nuclear membrane and the rough ER are labeled with a number of ferritin particles. Only the smooth, or ribosome-free, parts of both membranes are extensively stained.
The in situ distribution of cytochrome P-450 molecules on nuclear envelopes and ER membranes may be better represented in these preparation than the distribution found on the microsomes or on nuclear envelopes isolated without prefixation.
Immunoelectron microscopic staining in the nuclear pore regions. We reported that cytochrome P-450 exists only on the cytoplasmic surface of the outer nuclear membranes not on the nucleoplasmic surface of the inner one (16) . Since both membranes are interconnected at the nuclear pore complex, we decided to examine whether cytochrome P-450 is present in the nuclear pore complex region.
A transverse but slightly oblique section was made through a nucleus (Fig. 2 ). Arrows show the nuclear pore regions which have intranuclear (chromatin-free) channels that extend deep into the nucleus. The pore complex, especially on the nucleoplasmic side, is covered with tangles of fine filaments. The cytoplasmic side of this complex has some decoration with ferritin particles (arrow heads).
A tangential section along the surface of a nucleus is shown in Fig. 3 . At the peripheral region where there is a tangential profile of the nuclear envelope, there are a number of nuclear pore complexes. Ferritin particles are scattered on the cytoplasmic surface of the outer membrane up to the outer annuli, in places several ferritin particles being aligned along the outer rim of the annuli (arrows). Around the central granules, however, much fewer ferritin particles are presented.
In the intranuclear chromatin-free channels with central rods, or central fibrils, there are hardly any ferritin particles (arrow heads). The few ferritin particles found here are probably contaminating particles within the nucleus that were not removed by the repeated washings. A similar number of ferritin particles was found within the nuclei when the experimental material was incubated with control conjugates (data not shown).
Detachment of outer nuclear membranes from the nuclear surface. When rat liver nuclei were prepared from unfixed liver, and the isolated nuclei were incubated 2-3 h Ferritin immunoelectron microscopy clearly showed the presence of a number of ferritin particles on the outer nuclear membrane (Fig. 4) . Usually the outer membrane was uniformly labeled by ferritin, but some regions were free from ferritin as shown by the arrow head in Fig. 4 . These regions might be formed artificially by blebbing or by blister formation as reported elsehwere (16) .
Presence of labeled vesicles within the nuclear matrix. During our ferritin-immunoelectron microscopy studies, we occasionally found small vesicles studded with ferritin particles, and sometimes with ribosomes, within the nuclear matrix (Fig . 5,  arrows) . These vesicles may be derived from the ER membrane or outer nuclear membrane because they are loaded with ferritin particles and have some with ribosomes. Even when the nuclei were incubated with control conjugates, the internalization of these vesicles took place. In such a case, however, no ferritin particles were attached to the intranuclear vesicles.
DISCUSSION
The structural continuity of the outer nuclear membrane with the ER membrane was first demonstrated by Watson in 1955 (20) . He reported that a connection was Fig. 1 •46,000.
present only in the cells in which the ER is extensive and highly developed; in rat liver parenchymal cells, pancreas acinar cells, reticular cells, and parotid acinar cells, and that it was demonstrable only in areas in which the disposition of the membrane is highly favorable. Since then, this same continuity has been reported by Whaly et al. (21), Behnke and Moe (1), Fawcett (4), Franke and Scheer (6) and Franke et al.
. It is not yet clear, however, whether this continuity has physiological significance or whether it occurs by chance. To determine which is the case, we devised an efficient survey system in which the following procedures were used. A number of prefixed nuclei were isolated from rat livers that had been perfused with dilute glutaraldehyde, and thin sections made from these nuclei were observed systematically with an electron microscope. We found some instances of continuity between the outer nuclear membrane and the rough ER membrane. It is strongly suggested that this continuity is a physiological phenomenon that probably represents the biogenesis of the ER membrane from outer nuclear membrane.
The similarity of the two membranes was supported by ferritin immunoelectron microscopy analyses of cytochrome P-450, in which cytochrome P-450 was shown to be exists evenly on the cytoplasmic surface of both membranes. We previously reported (16) that cytochrome P-450 is present only on the cytoplasmic surface of the outer nuclear membrane, but not on the nucleoplasmic surface of the inner nuclear membrane. We also suggested that the nuclear pore complexes could act as a diffusion barrier for cytochrome P-450 molecules. In the present manuscript this problem was investigated further in detail and it was found that cytochrome P-450 exists on the outer nuclear envelope up to the outer nuclear annuli.
We also investigated the detachment of the outer nuclear membrane from the nuclear surface. The fact that no nuclear pores were found on the detached outer nuclear membrane, but were found firmly attached to the inner membrane, strongly suggests that the outer nuclear membrane is torn off from its inner counter part near the outer nuclear annuli. Thus the nuclear pore complexes remain associated with the inner nuclear membranes. Sometimes small patches of the outer nuclear membranes were found associated with the nuclear pore complexes. The outer nuclear membranes which become perforated by the loss of the nuclear pore complexes may be resealed immediately. Whereas, the patches of the outer membrane that remained in association with the inner nuclear membrane may have been closed rapidly, forming small inside-out vesicles attached to the inner nuclear membranes. The blister formation frequently seen on the outer nuclear membrane may be induced by the fission and fusion of the outer nuclear membrane during detachment.
Inside-out microsomal vesicles also occasionally were formed by the invagination of the detached outer nuclear membrane (data not shown).
